Background Recently, symptoms similar to addictive drug withdrawal have been reported in a structured longitudinal study of patients with idiopathic Parkinson's Disease (PD) withdrawing from dopamine agonists (DA): the dopamine agonist withdrawal syndrome (DAWS). Objectives The objective of this study was to establish the frequency, predictors, and outcomes of DAWS in a movement disorders clinic. Methods We conducted a retrospective chart review of a sample of patients with a clinical diagnosis of PD treated with DA in whom withdrawal or attempted withdrawal of DA was carried out because of adverse effects, or for any other reason. Out of 487 PD patient charts reviewed, 84 were withdrawn from the agonists and were evaluable. Results Thirteen patients (15.5%) met criteria for DAWS (DAWS+) and 71 did not (DAWSÀ). DAWS developed upon withdrawal from pergolide, pramipexole and ropinirole, and did not respond to levodopa. DAWS outcomes included recovery in less than 6 months in 61%, in more than a year in 23%, and an inability to discontinue DA in 15% of patients. Development of impulse control disorders was the reason for DA withdrawal in all DAWS+, but only in 41% of DAWSÀ patients (p<0.0001). DAWS+ and DAWSÀ patients did not differ in other variables. Conclusion DAWS is a disabling complication of DA use. Critical features of the syndrome are the strong link with impulse control disorders, possibly the independence of DA dosage and type, and the resistance to treatment, including levodopa. Further studies are required to characterise those at risk as well as to define an effective treatment.
INTRODUCTION
Dopamine is a critical neurotransmitter in mesocorticolimbic circuits involved in reward.
1e3 Drugs that stimulate this circuit, such as amphetamines and cocaine, are a major societal cause of addiction.
4e6 Dopamine replacement therapies (DRT) replenish the nigrostriatal pathway to control the motor symptoms of Parkinson's disease (PD), but also stimulate mesocorticolimbic circuits that are relatively intact, 2e5 resulting in several addiction-related syndromes. 4 7 Among substance addiction syndromes reported in patients with PD on DRT, the dopamine dysregulation syndrome (DDS) is characterised by compulsive drug consumption accompanied by psychomotor agitation and euphoria, drug-related dyskinesias, resistance to dose reduction and withdrawal symptoms characterised by depression, anxiety and impairment in occupational and social functioning. 3 8 9 Impulse control disorders (ICD), commonly involving pathological gambling, hypersexuality, compulsive buying and compulsive eating, constitute a second type of DRT-related disinhibitory psychopathology considered a behavioural addition. 4 10 ICD appear much more commonly in patients treated with dopamine agonists (DA), in whom they are reported in 14e17% of cases, while in patients with levodopa treatment the frequency ranges from 0.7% to 7%. 4 6 10 The clinical manifestations of dopamine agonist withdrawal syndrome (DAWS) resemble other psychostimulant withdrawal syndromes and the observed lack of response to levodopa, antidepressants and anxiolytics and the improvement with DA replacement are consistent with a drug-specific withdrawal syndrome. 7 Rabinak and Nirenberg 7 postulated that the patients with DAWS belong to a 'mesocorticolimbic variant' of PD, with disproportionate mesocorticolimbic versus nigrostriatal dopaminergic dysfunction, increased vulnerability to DAWS and ICD. Most patients with ICD do not use DRT in a compulsive manner. 11e14 On the other hand, the dose escalation in DDS patients can be accompanied by the development of ICD. 4 Okai et al 15 reviewed the problems of diagnosing and assessing the severity of ICD and proposed an extension to the criteria for DDS diagnosis. The apathy that develops in PD patients following subthalamic nucleus stimulation has been linked to the drastic reduction in medication after surgery, and can be considered a DRT-related withdrawal syndrome. 16 In contrast to this restricted postsurgical withdrawal syndrome, in a cohort of PD patients enrolled in a structured longitudinal study, Rabinak and Nirenberg 7 reported symptoms similar to addictive drug withdrawal developing on withdrawal or attempted withdrawal of DA. They defined the DAWS as a severe stereotyped cluster of physical and psychological symptoms that correlate with DA withdrawal in a dose-dependent manner, cause clinically significant distress or social/occupational dysfunction, are refractory to levodopa and other 7 DAWS comprises psychiatric symptoms such as anxiety, panic attacks, depression, agitation, irritability, dysphoria, insomnia, fatigue, generalised pain, and drug cravings and autonomic signs and symptoms such as orthostatic hypotension, dizziness, nausea and diaphoresis. 7 We aimed to determine the frequency of DAWS, the determinants for developing this syndrome, and the outcome of DAWS in a population of PD patients followed in a movement disorders clinic.
METHODS
We carried out a retrospective chart review of PD patients attending a large movement disorders clinic at the Toronto Western Hospital. The study project was approved by the Research Ethics Board of University Health Network, Toronto, Ontario, Canada.
Patient selection was carried out searching our database for a diagnosis of PD among patients with ongoing follow-up. All the information present in the chart was evaluated by a neurologist assessor. If clarification was required, and in all patients in whom DAWS was suspected, the case was discussed in detail with the attending neurologist. The inclusion criteria were a clinical diagnosis of PD using UK Parkinson's Disease Society brain bank criteria 17 with a history of DA treatment for more than 3 months, in whom withdrawal of a DA had been carried out. Exclusion criteria were dementia as a clinical diagnosis stated in the chart, a history of functional neurosurgery for treatment of PD temporally close to withdrawal and insufficient information on DA treatment or withdrawal.
All data collection was completed before rendering a diagnosis of DAWS, which was retrospectively applied, upon reviewing the clinical information and the opinion of the patient's neurologist, using the criteria proposed by Rabinak and Nirenberg 7 : a severe stereotyped cluster of physical and psychological symptoms that correlated with DA withdrawal in a dosedependent manner, caused clinically significant distress or social/ occupational dysfunction, were refractory to levodopa and other PD medications (apart from DA), and could not be attributed to other clinical factors. Psychiatric symptoms included anxiety, panic attacks, depression, agitation, irritability, dysphoria, insomnia, fatigue, generalised pain, and drug cravings and autonomic signs and symptoms included orthostatic hypotension, dizziness, nausea and diaphoresis. 7 The symptoms did not improve with levodopa, even in the 'on' state, but did improve with DA repletion. Finally, the symptoms could not be explained by other clinical factors. 7 According to the chart description of functional impairment by the patients themselves, their family and caregivers, and patients' follow-up, the severity of DAWS was classified by the assessor as either mildemoderate if impairment was limited to demanding activities or if it had some impact on the patient's and family daily life, or severe if there was considerable disruption of the patient's and family daily life or inability to perform basic activities of daily life. The duration of DAWS symptoms was classified as remitting and lasting less than 6 months, 6 months to 1 year, or over a year, or not remitting and unable to withdraw from DA.
In addition to the gender and marital status, the following clinical variables were recorded: age at DA withdrawal, age at PD onset, PD duration at withdrawal time, history of smoking, and smoking at DA withdrawal time, ICD before PD, illicit drug use before PD. On the state unified Parkinson's disease rating scale (UPDRS) motor subscale scores were recorded during routine visits at DA withdrawal time. The levodopa equivalent daily dose (LEDD) was calculated as: regular levodopa plus 0.75 times the dose of continuous release levodopa plus 1.3 times the dose of levodopa/entacapone plus 100 times the dose of pramipexole dihydrocloride or pergolide mesylate plus 20 times the dose of ropinirole hydrochloride. 7 18 Treatment variables recorded were: reason for DA withdrawal, specific DA withdrawn, dosage of levodopa (LD-LEDD), dosage of DA (DA-LEDD), total LEDD (DA-LEDD plus LD-LEDD) at withdrawal, cumulative dose exposure for DA (maintenance DA-LEDD times years of treatment), levodopa treatment duration and DA treatment duration in years.
The ICD diagnosis was clinical, rendered by the patient's neurologist, and registered in the chart when appropriate symptoms were reported by patients, their families and caregivers. In patients with ICD as the cause of withdrawal, the speed of DA withdrawal (DA-LEDD decrease per week), previous ICD with other DA, type of ICD, and duration of ICD before withdrawal were recorded. Patients with a diagnosis of DAWS (DAWS+) were compared with patients without (DAWSÀ); this was done for all patients, and a second comparison was restricted to patients withdrawn from DA due to ICD.
Categorical variables were compared using the c 2 test if the number expected in each cell was five or greater, and utilising Fisher's exact test otherwise. Continuous variables with a normal distribution as determined by the KolmogoroveSmirnov test were compared by Student's t test, and otherwise by the nonparametric ManneWhitney U test. No correction for multiple comparisons was applied. Statistical analysis was carried out using SPSS V.13.0 for Windows statistical software. Significance was set at p<0.05.
RESULTS
Four hundred and eighty-seven active charts were reviewed; 297 patients (61%) had been treated with a DA, and in 98 (33%) of these DA were discontinued. Fourteen of these 98 patients were excluded from analysis, 10 because of insufficient data on treatment or withdrawal follow-up, two because they underwent PD surgery close to the time of DA withdrawal, and two because they had dementia at the time of DA withdrawal (figure 1).
Five patients had a remote history of functional PD surgery before withdrawal; none of them was withdrawn from DA because of ICD. ICD were the most common reason for DA withdrawal, representing 50% of the withdrawals (n¼42). Other 
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causes were hypersomnia (thirteen), hallucinations (seven), worsening PD symptoms (five), nausea (five), cognitive impairment (five), hypotension (four), limb oedema (two) and isolated anxiety (one).
Out of 84 patients analysed, 13 (15.5%) fulfilled the diagnostic criteria for DAWS, and 71 patients did not develop DAWS on withdrawal from DA (figure 1).
ICD were the reason for DA withdrawal in all 13 DAWS+ patients (100%), compared to an ICD frequency of 41% in DAWSÀ patients (29 of 71), (p<0.0001).
Each patient with DAWS had at least four (mean 4.9, median 5) of the 13 clinical manifestations suggestive of DAWS observed. These symptoms represented a change from their previous functioning level and were related in time to DA discontinuation. The most common of these were depressed mood in eleven patients (84%), fatigue in ten (77%), anxiety in nine (69%) and insomnia in eight (61%). Autonomic dysfunction was recorded in six patients (46%) including diaphoresis, dizziness, nausea and flushed face; four patients (31%) had panic attacks, four (31%) generalised pain, three (23%) irritability, three (23%) drug cravings and one loss of interest (8%). One patient voiced suicidal thoughts during the withdrawal period.
None of the clinical or treatment variables evaluated (see Methods section) significantly differed between DAWS+ and DAWSÀ patients (table 1) .
DAWS was observed in subjects withdrawn from pergolide (one), pramipexole (five) and ropinirole (seven); there was no statistically significant difference in the frequency of DAWS between the specific DA. In the group of patients withdrawn from DA because of ICD there was a trend towards a more frequent use of ropinirole than other DA (Fisher's exact test 0.043).
The levodopa dose was increased in all patients at the time of withdrawal. Three of the DAWS+ patients increased levodopa dosages by 15e20% above the dose recommended by their physician in an attempt to treat DAWS symptoms after DA withdrawal: one of them had a history of DDS years before DA withdrawal and another developed DDS approximately 1 year after recovering from DAWS. Among the DAWSÀ patients who were withdrawn from DA because of ICD, just one had a history of DDS. DAWS symptoms were not abated in any patient by increasing the dose of levodopa. The degree of functional impairment was classified as mildemoderate in seven patients and severe in six (table 2) .
There was no evident relationship between either the degree of functional impairment or the evolution of DAWS and the LD-LEDD, DA-LEDD, cumulative DA-LEDD or total LEDD at withdrawal. Regarding the evolution of DAWS, eight patients recovered in less than 6 months, no patient had a resolution of symptoms between 6 months and 12 months, recovery took over a year in three patients, and two patients were unable to remain off of DA due to disabling symptoms of DAWS. These patients had persistent, chronic ICD associated with an inability to wean the DA (table 2) .
Forty-two patients underwent DA withdrawal because of ICD, 13 DAWS+ and 29 DAWSÀ. Table 3 shows the frequencies of ICD in DAWS+ and DAWSÀ patients. There were no statistical differences in the type of ICD between the DAWS+ and DAWSÀ groups (table 3) .
Among the multiple demographic, clinical and treatment variables compared, the only differences within the group of patients withdrawn from DA because of ICD were that DAWS + patients were taking higher doses of levodopa (expressed in LEDD) at the time of DA withdrawal (p<0.02) and had a more frequent smoking history (p<0.03) (table 4).
DISCUSSION
Our retrospective chart review in a clinic practice setting confirms the concept of DAWS as identified by Rabinak and Nirenberg. 7 Using the same diagnostic criteria, we found a very similar frequency of the syndrome among those patients in whom DA were withdrawn, 15.5% in our series versus 19% in theirs. A frequency of 7.8% of patients withdrawn from DA was reported in the only other study that we are aware of that examined DAWS. 19 Unlike our study and that of Rabinak and Nirenberg, 7 that series included subjects who had undergone deep brain stimulation (DBS) surgery while DA were discontinued, and thus some confusion with the postsurgical apathyrelated features (see below) may have been possible.
Similarities in the results of our study and that of Rabinak and Nirenberg 7 include the frequency of ICD as the cause of withdrawal from DA (50% vs 58%), the proportion of subjects who developed DAWS when ICD were the reason for DA withdrawal (approximately one third in both series), and the 100% association between DAWS and ICD, contrasting with the 34% reported by Limotai et al. 19 Previous ICD were significantly more common in DAWS+ than in DAWSÀ cases (p<0.0001). Compared to the magnitude of this effect, all other variables studied were either without effect or at most of marginal significance.
In our study the patients who attempted to improve their withdrawal symptoms by increasing their levodopa dose by 15e20% more than prescribed by their physician did not have other clinical manifestations suggestive of DDS at this time. DAWS symptoms did not disappear with equivalent or higher doses of dopaminergic medications other than DA, as previously reported. 7 We cannot exclude the possibility that there may be a milder group of 'treatable DAWS' patients who had subtle DAWS symptoms and who responded to levodopa adjustment. Mild self-limited withdrawal symptoms not meeting the DAWS criteria of Rabinak and Nirenberg 7 that we used in our study were included in a recent report of patients tapering DA. 20 These patients would have been diagnosed as DAWSÀ in our study and it is not at all clear that the reported milder symptoms of low mood or apathy have the same pathogenic basis as the more complex psychostimulant drug withdrawal-like symptoms of DAWS. Self-medication with supratherapeutic doses of levodopa in an attempt to alleviate DAWS symptoms 7 and the significant association reported in one series between DAWS and DDS 19 suggest an overlapping vulnerability to DDS in the DAWS+ patients. This tendency of DAWS+ patients to escalate levodopa dosage is also consistent with 'negative reinforcement' models of addiction. 2 Okai et al 15 considered that patients with DDS and even non-DDS patients often take extra medication to avoid the distress and dysphoria that appears during the off state, and propose that this pattern is similar to that of DAWS. In our opinion the two entities differ in that DAWS is related to a drug withdrawal situation, in contrast to the steady or escalating dose of levodopa in DDS patients, and the spectrum of symptoms of DAWS is broader and more typical of an addictive drug withdrawal. The symptoms of DAWS were extremely disruptive to the patients and their families: in almost 40% of patients, DAWS symptoms were either associated with a protracted course, taking over a year to withdraw the offending agent fully, or they were refractory to attempts to withdraw DA; these patients required ongoing treatment with the result that their ICD continued unabated.
The average age of PD onset in our series of patients is just over 50 years and below that expected in the general population. 21 The presence of dementia as a clinical diagnosis stated in the chart as one of the exclusion criteria could have contributed to reducing the number of older patients included in our series. Our study was not designed to determine the frequency of ICD in PD patients treated with DA. Pathological gambling was the type of ICD most commonly observed, as reported by Voon et al. 13 The frequency of multiple ICD, observed in 28% of all our ICD patients, is similar to the one quarter 6 and one third 22 reported in other surveys. On the other hand, in patients with DAWS Rabinak and Nirenberg 7 observed a much higher (80%) 
Movement disorders
frequency of multiple ICD than our 30%. Among patients with ICD, there was no difference in the type or multiplicity of ICD between DAWS+ and DAWSÀ in our study, suggesting that the presence of DA-induced ICD, rather than the type or complexity, is the relevant predictor for the development of DAWS.
A significantly lower UPDRS motor score (suggesting a less severe form or earlier PD stage) in DAWS+ patients was reported previously, 7 but we could not confirm this using onstate UPDRS scores obtained during routine clinic visits. Our failure to demonstrate a difference in motor symptomatology between DAWS+ and DAWSÀ patients does not exclude a role of the mesocorticolimbic system in the pathogenesis of DAWS. However, we did not find evidence to support a disproportionate sparing of the motor circuit in these patients.
In contrast to other studies, we did not find either a higher baseline dose of DA in DAWS patients 7 or higher DA cumulative exposure, 7 19 although a statistical trend towards higher cumulative DA-LEDD was observed (p¼0.08). When we restricted the comparison to the group with ICD, DAWS patients had a higher LD-LEDD at DA withdrawal (p<0.02) than patients without DAWS. Similarly, the development of ICD is reported to be associated with higher LD-LEDD 6 ; however, ICD can develop irrespective of DA dosage, 6 and even with very low DA cumulative exposure in patients with restless legs syndrome. All DAWS+ patients in the original report of Rabinak and Nirenberg 7 were using pramipexole. We extend the concept of DAWS by describing this syndrome with other DA. We did not find statistically significant differences among the specific DA drugs in the frequency of development of DAWS in the total sample of 84 patients; however, the small numbers in each treatment group limit interpretation. Although in the group of patients withdrawn from DA because of ICD there was a trend towards a more frequent use of ropinirole than other DA (Fisher's exact test 0.043), we do not consider this result relevant because of the marginal significance. The RR of developing ICD with pramipexole compared to other DA has been disputed in the literature, but it is clear that several DA can induce the syndrome, and the general consensus is that this is a class effect.
6 26e28 While reported cases of ICD in PD secondary to bromocriptine are scarce, 29 the two patients withdrawn from bromocriptine in our series had ICD.
Among patients with ICD, a history of smoking (considered an addictive behaviour) was present more often in DAWS+ than in DAWSÀ patients (p<0.03).
We did not correct for multiple comparisons. With this caveat it is interesting to note the trend we found in patients with ICD towards higher doses of dopamine replacement treatments and addictive behaviour in the DAWS+ group compared to the DAWSÀ group. Our study has two major limitations. First, it is a retrospective chart review with all the acknowledged problems inherent with this approach. Second, it is purely clinical, and thus contributes no insights into the pathophysiological mechanisms or the genetic risk factors for the development of DAWS.
In conclusion, DAWS is an important clinical problem with manifestations resembling those of other drug withdrawal syndromes and a relevant concept in the management of patients with PD. The individual tendency to develop ICD in response to exposure to any DA, rather than other treatment or demographic factors, may be the major determinant in the development of DAWS. The fact that a smoking history in the ICD group increases the likelihood of developing DAWS suggests a susceptibility to addiction in these patients. A higher dose of levodopa may also contribute to the development of DAWS in patients with ICD.
Further prospective studies are required to determine the frequency and spectrum of severity of DAWS, and to define effective treatment for DAWS, given the potential for considerable disability and extended course experienced by many patients.
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